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Abstract : The global plate motion rates n are not uniform in time and space. The rotation rates were larger 
than 0. 545 ° /Ma for Cocos, Philippine Sea, Pacific, Nazca, Australia, India and Arabia plates, but smaller than 
0. 315° /Ma. for other plates. Compared to 1997. 0, the fi values of the three oceanic plates in 2000. 0 in-
creased by ,respectively ,2. 4% ,2. 1% and 41. 7%, and the northward movement rates of the the India plate 
and western part of the Australia plate increased by 3. 38 mml a on the average. The spatial distribution of 
earthquakes was dependent on earthquake magnitude. Earthquakes of 5. 0 ~Mw < 7. 0 were located mainly in 
plate-margin zones and intra-plate crustal deformation zones joining the southern margin of Eurasia plate. 
Earthquakes of Mw ~ 7. 0 concentrated basically in the circum-Pacific and South Asia zones, but hardly in mid-
ocean-ridge seismic zones. Earthquakes of Mw~8. 0 were located only in the margin zones of the lndia,Aus-
tralia,Pacific and Nazca plates orthogonal to the direction of plate motion. Compared with previous eighteen 
years ,global earthquake activity enhanced obviously after 1994' especially after 2001. The n value of a plate 
was closely related to the activity of strong earthquakes. The largest earthquakes were located in the front-mar-
gin zones of plates having the largest fi values. Energy released by strong earthquakes comes mainly from ki-
netic energy of the plates. Global seismicity enhancement was caused mainly by the acceleration of the three o-
ceanic plates. Larger enhancement of global earthquake activity lagged behind the movement acceleration of the 
three oceanic plates by four years. 
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1 Introduction 
Among various natural hazards, earthquakes have prob-
ably caused the most injuries and deaths. During the 
brief period from the beginning of 2010 to April 7, sev-
en earthquakes of Mw~7. 0 occurred already:Mw 7. 1 
in Solomon Island on 3 January ,Mw 7. 1 in Haiti on 12 
January ,Mw7. 0 in Japan on 26 February, Mw 8. 8 in 
Chile on 27 February ,Mw 7. 2 in Mexico on 4 April, 
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Mw 7. 8 in Indonesia on 6 April,Ms 7. 1 in Qinghai, 
China on 14 April. The Haiti, Chile and Qinghai earth-
quakes have all caused great casualties and economic 
loss. Many people began to wonder whether global 
earthquake activity has enhanced and how it is related 
to plate motion. To answer these questions, we analyzed 
the temporal and spatial changes of global plate motion 
and earthquake activity, and studied the relationship 
between the two. 
2 Spatial change of plate motion 
Fig. 1 shows a map of the velocity field of global plate 
motion, and Tab. 1 gives a list of the rotation rates-fi of 
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Figure 1 The velocity field of global plates ( ITRF2005) and the distribution of Mw ~ 8. 0 earthquake that occurred in the 
world from Jan. 1,1976 to Feb. 28 ,2010( www. globalcmt. org). The yellow circles represent 8. 0 ~Mw < 8. 5 earthquakes and 
the blue circles represent Mw~8. 5 earthquakes. In this velocity field,most coordinates and velocities are published by Inter-
national Earth Rotation Service. Sites of ITRF2005 are few on South American plate and we used part of sites from ITRF2000 
on this plate, transform coordinates and velocities of ITRF2000 to ITRF2005 and merge them with initial sites of ITRF2005. 
There are only three sites of ITRF2005 on PHIL, we used seven sites on PHIL published by Sella[3J , transform coordinates and 
velocities of seven sites to ITRF2005 and merge them with initial three sites of ITRF2005. Sites in eastern part of EURA are 
fewer, we used GPS sites in Southeastern Asia published by Bock et. al, Iwakuni and Kato [ 4 • 5 l , and transform coordinates and 
velocities of these sites to ITRF2005. We also used the coordinates and velocities of some sites of the Crustal Motion Observa-
tion Network of China. 
Table 1 n value( o /Ma) of global main plates[t, 2l. n values of COCS and INDI come from the research 
result of DeMets, et al [tl. The others come from the research result of Prawirodirdjo, et al [2l. 
Plate AFRC ANTA ARAB AUST CARB EURA INDI NAZC NOAM PCFC PHIL SOAM COCS 
n o. 30 o. 222 o. 546 o. 618 o. 314 o. 260 o. 57 o. 652 o. 200 o. 670 o. 95 o. 1o8 1. 51 
the major plates[!, 2l. We can see that the plate move-
ments are not homogeneous. The horizontal velocities 
and values of the Philippine Sea ( PHIL) , the Pacific 
( PCFC) , the Cocos ( COCS) , the Nazca ( NAZC) , the 
Australia ( A UST) , the Indian ( INDI ) and the Arabian 
(ARAB) plates are significantly larger than others. The 
maximum observed horizontal velocities of COCS, 
PCFC, PHIL, AUST, NAZC, INDI, and ARAB plates 
are, in decreasing order, 100. 2 mm/ a, 76. 3 mm/ a, 
71.4 mm/a,70. 2 mm/a,68. 2 mm/a,61. 4 mm/a and 
49.0 mm/a. The values of COCS,PHIL,PCFC ,NAZC, 
AUST ,INDI and ARAB plates range from 1. 51 °/Ma to 
0. 55 ° /Ma. Among these seven plates, the former six 
are oceanic or mainly oceanic plates; only the seventh, 
ARAB , is a continental plate. The other continental 
plates are Eurasia ( EURA) , Mrica, North America, 
South America and Antarctica plates. The !1 values of 
these five plates are all less than 0. 315 ° /Ma. Thus we 
may conclude that the n values of oceanic plates or 
mainly plates are larger than those of continental 
plates. 
3 Temporal change of plate motion 
The rotation rates of PCFC , A UST and INDI plates pub-
lished by Prawirodirdjo, et al [2J are shown in Tab. 2. 
These rates are calculated from data observed during 
1991-July 2003 on the basis of ITRF2000. Site veloci-
ties and coordinates are reduced to 1997. 0 and the ve-
locities are the average values during 1991-July 2003. 
In October 2006 , the International Earth Rotation 
Service ( IERS) published coordinates and velocities of 
ITRF2005 (http :I /itrf. ensg. ign. fr/ITRF _solutions/ 
2005/ITRF2005_ts. php) from space geodesy ( VLBI, 
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SLR, GPS and DORIS). Site coordinates and velocities 
are reduced to 2000. 0. The observation time intervals 
of VLBI, SLR, GPS and DORIS are, respectively, 
1980. 0 -2006. 0' 1992. 9 -2005. 9' 1996. 0 -2006. 0 
and 1993. 0 - 2006. 0, so tbe velocities of ITRF2005 
are basically tbe average values from 1993. 0 to 
2006. 0. We used tbe coordinates and velocities of 
ITRF2005 , which was used by Prawirodirdjo, et al 141 to 
create new motion models for PCFC, AUST and INDI. 
The rotation parameters of tbe new models are listed in 
Tab. 2. From Tab. 2 it may be seen tbat tbe values of 
ITRF2005 models are significantly larger tban tbose of 
ITRF2000 models, tbe increases being 2. 4% , 2. 1% 
and41. 7%for PCFC,AUST and INDI plates, respec-
tively. Thus, tbese tbree plates in 2000 increase more 
tban once since 1997 , especially for INDI plate. 
Tab. 3 shows tbe ITRF1997' s rates of five sites on 
INDI and western AUST published by Sella,et ali'] and 
tbe ITRF2005 ' s rates published by IERS. The loca-
tions of these five sites are shown in Fig. 1. The 
ITRF1997' s rates published by Sella et. al are tbe av-
erage values from 1993 to 2000. They are reduced to 
1997. 0. The ITRF2005 ' s rates are reduced to 
2000.0. From Tab. 3 we see tbat tbe northward veloci-
ties of ITRF 2005 increased markedly relative to tbat of 
ITRF 1997 at tbese sites , ranging from 2. 48 mml a at 
DGAR to 5. 44 mml a at MALD witb an average of 3. 38 
mml a. Thus tbe northward movement on INDI and west-
em AUST had obvioualy accelerated since 1997. 
4 Spatial change of global earth-
quake activities 
Fig. 2 shows tbe distribution of earthquakes of Mw .., 
5. 0 tbat occurred globally during 1976 -2005 as pub-
lished by Harvard( www. globalcmt. org). These earth-
quakes distributed mainly in tbree earthquake zones : 
the circum-Pacific, the Eurasian from Mediterranean to 
Himalayas,and tbe mid-ocean ridge. The circum-Pacif-
ic and the mid-oceanic-ridge zones are both oceanic 
margins of global plates. The Eurasian zone is a conti-
nental margin zone, like AFRC, ARAB, INDI and EU-
RA; it is also an intra -plate crustal deformation zone. 
We obtained earthquake data of Mw.., 7. 0 from CMT 
published by Harvard. During 1976 to 2009, a total of 
429 Mw.., 7. 0 earthquakes occurred in tbe world as 
shown in Fig. 3. The distribution of Mw .. 7. 0 earth-
quakes is distinctly different from tbat of Mw < 7. 0 
earthquakes in tbat hardly any Mw .., 7. 0 earthquakes 
in the mid-ocean-ridge zones. In Eurasian zone, the 
earthquakes of Mw.,7. 0 distributed mainly in tbe east-
em section , namely tbe Soutb Asia strong earthquake 
zone ( SASEZ) , but were few in tbe western section. By 
comparing Fig. 2 witb Fig. 3, we may see tbat earth-
quakes of Mw.,7. 0 distributed mostly in tbe front-mar-
gin zones of PCFC, COCS, NAZC, PHIL, AUST, INDI 
and ARAB plates , and where tbe Soutb Asia crustal 
deformation zones joining witb tbe margin zones of INDI 
Table 2 A comparison of rotation rates between our model witb tbat nf Prawirodinljo et al. 
Plate 
Our model ( ITRF2005) Prawirodirdjo, et al. model ( ITRF2000) 
"E "N 0 /Ma N "E "N 0 /Ma N 
PCFC 112.339 -62.608 0.686 ±0.002 5 110. 161 -63.832 0.670 ±0.003 5 
AUST 38.446 32.442 0.631 ±0.003 9 37.590 33.472 0.618 ±0.003 9 
INDI 35.934 43.428 0.690 ±0.082 2 -41.986 45.720 0.487 ±0.015 2 
Notes:E and N are respectively the longitude and latitude of plate rotation pole;O is the rotation rate. 
Table 3 A comparison of site velocities between ITRF1997 and ITRF200S for live sites on INDI and western AUST 
ITRF2005 





DGAR 72.37 -7.27 46.37 32.28 46 29.8 0.37 2.48 
MALD 73.526 4.189 50.06 35.54 41.5 30.1 8.56 5.44 
IISC 77.57 13.021 41.28 35.46 42.4 31.8 -1.12 3.66 
HYDE 78.551 17.417 41.05 34.75 42.1 32.2 -I. OS 2.55 
coco 96.834 -12. 188 45.36 50.45 43 47.7 2.36 2.75 
Notea:ave = ve2005-vel997 ;avn = vn2005-vnl997. 
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and ARAB plates. Also Fig. 1 shows that the earth-
quakes of Mw;:?!: 8. 0 concentrated in four areas :the east-
em margin of INDI and northern margin of AUST; the 
eastern margin of AUST; the margin zone ( 143. 84°E-
154. 33°E, 44. 21 °N 46. 71 °N) between northwestern 
PCFC and northeastern EURA; and the margin zone 
(281.19°E -292.75°E,2.32°N-17.28°S )between 
NAZE and SOAM. These margin zones are orthogonal 
to the direction of the respective plate motion. 
Thus , the spatial distribution of global earthquakes 
changed with earthquake magnitude. Earthquakes of 
5. O:s:;Mw <7. 0 distributed mainly in the margin zones 
of global plate and SASEZ. The earthquakes of Mw;:?!: 
7. 0 distributed mainly in the front-margin zones of 
PCFC, COCS, NAZC, PHIL, AUST and SASEZ. The 
earthquakes of Mw;:?!: 8. 0 distributed only in the margin 
o· 4s• E 90• E 13s• E 
o· 4s· E 90• E 13s· E 
zones orthogonal to the motion direction of INDI, 
AUST ,PCFC and NAZC. 
5 Temporal change of global earth-
quake activities 
A total of 429 Mw ;:?!: 7. 0 earthquakes occurred in the 
world during the 34 years of 1976 -2009; among them 
409 were 7. 0 =S:;Mw =S:;7. 9 and 20 were 8. 0 =S:;Mw=S:; 
9. 0; the strongest was the Sumatera, Indonesia earth-
quake on Dec. 26,2004. The number of Mw;:?!: 7. 0 
earthquakes that occurred yearly varied between 6 -
19, with an average of 12. 6. H we use Ms instead of 
Mw, then there were a total of 346 Ms;:?!: 7. 0 earth-
quakes during this 34-year period, averaging 10. 2 per 
year . The yearly number of M w ;:?!: 7 . 0 earthquakes and 
1so• E 13s• W 90• W 4S 0 w 
1so· E 13s• W 90• W 4S 0 w 
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Figure 3 The distribution of Mw;;::7. 0 earthquakes in the world during 1976- 2009( www. globalcmt. org). 
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their energy release are listed in Tab. 4 and shown 
Fig. 4 and 5. 
Based on frequency of occurrence of Mw ~ 7. 0 
earthquakes shown in Tab. 4 and Fig. 4, we may divide 
the observation period into two slages: Doring 1976 to 
1993 , there were 207 occurrences, averaging 11. 5. 
Doring 1994 to 2009 , there were 222 occurrences , aver-
aging 13. 9, which is significantly larger. 
The total energy released by the 429 Mw ~ 7. 0 
earthquakes is 8. 50 x 10" erg doring 1976 -2009, av-
eraging 2. 50 X 1024 erg per year. If this period is divid-
ed into two slages as above, then in first slage , the total 
energy released by the 207 Mw ~ 7. 0 earthquake is 
1. 95 X 10" erg, averaging 1. 09 X 1024 erg per year. In 
the second slage , a total of 6. 54 x 1 O" erg was released 
by 222 Mw ~ 7. 0 earthquakes , averaging 4. 09 x 1024 
erg per year, which is 3. 8 times larger than in the first 
slage. The second slage can be further subdivided into 
two: 1994 to 2000 and beginning of 2001 -end of Feb. 
2010. The earthquake activity further increased during 
the later period. In the first four months of 2010 alone, 
already six Mw ~ 7. 0 earthquakes occurred , and they 
released 1. 04 X 10" erg, which is 4. 16 times the yearly 
average of the 34-year period. Thus 2010 is at the cli-
max of global earthquake activity. 
From the earthquake catalog published by Harvard, 
we took data of Mw ~ 8. 5 earthquakes that occurred 
during Jan. 1,1976 -Feb. 28 ,2010. As shown Tab. 5, 
four Mw ~ 8. 5 earthquakes occurred during this peri-
od,or more specifically during 2004- Feb. 2010. There 
was no Mw ~ 8. 5 earthquake occurrence doring the 24 
years before 2000 , but four Mw ~ 8. 5 earthquakes oc-
curred doring the 10 years from 2001 to present. This is 
probably an important signal of global earthquake activ-
ity enhancement. 
Thus we may conclude : Global earthquake activity 
has obviously enhanced since 1994, especially smce 
2001 , and currently the activity is at its climax. 
6 Relationship between plate motion 
and earthqnake activities 
As seen in Figures 1 , 2, and 3 , earthquakes of 5. 0 .;; 
Mw < 7. 0 distributed mainly in the plate-margin zones 
and intra-plate crustal deformation zones joining with 
the plate margins in southern EURA; but earthquakes 
of7. Oos;Mw <8. 0 distributed mostly in the front-mar-
gin zones of PCFC, COCS, NAZC, PHIL, AUST, INDI 
and ARAB plates, and the crustal deformation zones of 
South Asia joining with these plate margins; earth-
quakes of Mw ~ 8. 0 distributed only in the margin 
zones orthogonal to motion directions of INDI, AUST, 
PCFC and NAZC plates. Thus global earthquake activi-
ties were closely related to the distribution of plate mar-
gins and the direction of plate motion. As mentioned a-
bove, 0 values of COCS, PHIL, PCFC, NAZC, AUST, 
INDI and ARAB plates were larger than others. As 
showninFig. 2, strongearthquakesofMw ~7. Obasically 
Table 4 Number (N) and total energy (E in ergs) of Mw-;;.7. 0 earthquakes !bat occurred during 1976 -2009 
Year N Log"E Year N Log"E Year N Log"E Year N Log"E Year N Log"E 
1976 17 24.32 1977 14 24.47 1978 13 24.08 1979 13 24.17 1980 11 23.92 
1981 10 23.76 1982 9 23.62 1983 13 24.07 1984 13 23.80 1985 11 24.18 
1986 10 24.01 1987 I 23.91 1988 9 23.73 1989 6 23.95 1990 16 24.03 
1991 8 23.78 1992 13 23.92 1993 10 23.94 1994 11 24.59 1995 19 24.42 
1996 14 24.49 1997 15 24.07 1998 11 24.16 1999 16 23.94 2000 12 24.39 
2001 14 24.57 2002 13 24.14 2003 14 24.43 2004 15 25.33 2005 11 24.77 
2006 11 24.51 2007 18 24.88 2008 11 24.01 2009 17 24.44 2010 6 25.02 
Table 5 Parameters of four Mw-;;.8. 5 earthquakes tbat occurred during Jan.1 ,1976 -Feb.28,2010 
Data Lat. 0 N Lon. 0 E Mw Strike E( ") Dip(") Slip(") Moment Location 
2004-12 -26 3.09 94.26 9.0 329 8 110 3. 95 X 10'9 Sumatra, Indonesia 
2005 -03 -28 I. 67 97.07 8.6 333 8 118 I. 05 X 10'9 Sumatra, Indonesia 
2007-09 -12 -3.78 100.99 8.5 328 9 114 6. 71 X 10'9 Sumatra, Indonesia 
2010-02 -27 -35.95 -73.15 8.8 18 18 112 I. 84 X 10'9 Maule, Chili 
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Figure 4 Yearly number of occurrences ( N) of Mw~7. 0 
earthquakes during Jan,ll976 -Dec,31 2009 
Figure 5 Yearly energy{ erg. )release by Mw~7. 0 
earthquakes during Jan,! 1976- Feb. 28,2010 
occurred in the front-margin zones of these seven plates 
and the intra -plate crustal deformation zones joining 
with the margin zones in front of INDI and ARAB 
plates. These seven are also larger in size than other 
plates, which is probably not a coincidence. Thus we 
may conclude that the size and 0 value of a plate are 
closely related to the earthquake activity in its margin 
zones. The front-margin zones of the plates with the lar-
gest 0 values are just the strongest earthquake-activity 
zones , and the energy that produces the earthquakes 
comes mainly from the kinetic energy of these plates. 
As indicated before , the 0 values of three oceanic 
plates PCFC, AUST and INDI increased more than once 
in 1997. 0 , the acceleration being especially obvious for 
the northward movement of INDI and western AUST. 
Also the global earthquake activity bas clearly en-
hanced since 1994 , particularly during the recent dec-
ade since 2000. The time of the larger enhanced earth-
quake activity in 2001 lagged behind the time of accel-
erated movement of the three oceanic plates in 1997 by 
four years. Among the four huge earthquakes of Mw ;;.. 
8. 5 that occurred during 1976 to Feb, 2010, three oc-
curred during 2004-Feb, 2010, all in the front-margin 
zones of INDI and AUST plates, which had the most ve-
locity increase. INDI is a plate of the most increased ve-
locity;the northward motion of INDI and western AUST 
accelerated significantly after 1997. Thus, the global 
seismicity enhancement was caused by the acceleration 
of these three oceanic plates, with a lag of four years. 
7 Discussion and summary 
Why was there hardly any Mw;;.. 7. 0 earthquakes in the 
mid-ocean-ridge seismic zones. Following are two possi-
ble reasons : First, the deformation at an oceanic ridge is 
basically pure extension , and the earthquakes that oc-
curred there are all caused by the extensional deforma-
tion. Since the compressive strength of rock material is 
usually 3. 1 times higher than its tensile strength [Bl , the 
crust cannot bear large tension to produce a large ten-
sional earthquake. Secondly, The temperature near an 
oceanic ridge is higher than that of a transform margin 
and an subduction margin. Hence, the rock there tend 
to be less elastic and more plastic , resulting in a re-
duced ability to accumulate elastic strain. 
To sum up, our results indicate that global earth-
quake activities have clearly enhanced since 1994 ,par-
ticnlarly during the last ten years. The 0 values of the 
three oceanic plates PCFC, AUST and INDI increased, 
respectively ,by 2. 4% ,2. 1% and 41. 7%. The north-
ward velocities of INDI and western AUST increased by 
3. 38 mm/ a on the average. The time of larger enhance-
ment of earthquake activity was four years behind the 
time of the movement acceleration of three oceanic 
plates. Energy of strong earthquake activities carne 
mostly from the kinetic energy of plate motion. The en-
ergy was accumulated continuously as elastic - strain 
energy in the front-margin zones and eventually led to 
earthquakes. Seismicity was dependent on the move-
ment rate of plate motion. The front-margin zones of 
three oceanic plates were where the biggest earthquakes 
occurred. The acceleration of their motion led to the en-
hancement of global seismicity , with a delay of several 
years. 
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